The purpose of this study was to compare diagnostic accuracy of a prostate multiparametric magnetic resonance imaging (mpMRI) protocol for detection of prostate cancer between images acquired with and without endorectal coil (ERC). Materials: This study was approved by the regional ethics committee. Between 2014 and 2015, 33 patients (median age 51.3 years; range 42.1-77.3 years) who underwent prostate-MRI at 3T scanners at 2 different institutions, acquired with (mpMRI ERC ) and without (mpMRI PPA ) ERC and who received radical prostatectomy, were included in this retrospective study. Two expert readers (R1, R2) attributed a PI-RADS version 2 score for the most suspect (i. e. index) lesion for mpMRI PPA and mpMRI ERC . Sensitivity and positive predictive value for detection of index lesions were assessed using 2 × 2 contingency tables. Differences between groups were tested using the McNemar test. Wholemount histopathology served as reference standard. Results: On a quadrant-basis cumulative sensitivity ranged between 0.61-0.67 and 0.76-0.88 for mpMRI PPA and mpMRI ERC protocols, respectively (p > 0.05). Cumulative positive predictive value ranged between 0.80-0.81 and 0.89-0.91 for mpMRI PPA and mpMRI ERC protocols, respectively. The differences were not statistically significant for R1 (p = 0.267) or R2 (p = 0.508). Conclusion: Our results suggest that there may be no significant differences for detection of prostate cancer between images acquired with and without an ERC.
Introduction
While biopsy is still the gold standard for establishing the diagnosis of prostate cancer, multiparametric magnetic resonance imaging (mpMRI) has become an indispensable test in the diagnostic pathway of patients with suspected prostate cancer. It plays an important role within the setting of cancer detection [1] , tumor localization [2, 3] and assessment of cancer aggressiveness [4, 5] . In order to contribute valuable information for patient management, however, mpMRI must be performed and interpreted following high quality standards [6, 7] . Appropriate image quality is indispensable when interpreting mpMRI in order to establish a correct diagnosis of prostate cancer. Recommendations on minimal requirements on MRI soft-and hardware have been published [8] , however no explicit recommendation is given regarding receiver coil setup. While an endorectal coil (ERC) may be particularly valuable for sequences with inherently lower signal-to-noise ratio (SNR), increased costs, artifacts and patient acceptance remain limiting factors. The ERC was shown to be useful with 1.5T scanners, where the increase in SNR directly translated into an improvement in diagnostic performance [9] . For 3T scanners and pelvic phased array (PPA) receiver coil equipment, the situation is not as clear. While it has been shown that using comparable sequence parameters, similar image quality for ERC and surface receiver coil (SRC) may be achieved [10] , other studies [11] [12] [13] have demonstrated similar diagnostic accuracy with both coil settings despite lower image quality achieved with the SRC configuration. These studies however, did not investigate the diagnostic performance of a complete mpMRI protocol consisting of T2-weighted (T2w), diffusion-weighted imaging (DWI) and dynamic contrast enhanced (DCE) images and did not use whole-mount histopathology as the standard of reference. Another study has shown superior diagnostic accuracy in the detection of prostate cancer using an ERC configuration as compared to a SRC configuration [14] , however the sequence parameters for the two coil configurations were not normalized in this setting. Given the equivocal results of single center studies on this topic, further investigations on receiver coil configuration are needed using comparable and optimized imaging protocols for both configurations with whole-mount histopathology as the standard of reference.
Therefore, the purpose of this multicenter study was to assess the diagnostic accuracy for prostate cancer detection between MRI protocols acquired with and without an ERC using similar sequence parameters.
Materials and Methods
The regional ethics committees approved this multicenter study, which was designed as a part of a wider cancer research project at our institution and written informed consent was obtained from all patients prior to the examination. The study was compliant with the Health Insurance Portability and Accountability Act.
Study Population
Consecutive patients undergoing mpMRI of the prostate at 3T (Tesla) acquired with two receiver coil setups, i. e. a combination of an endorectal and a PPA receiver coil (mpMRI ERC ), and a PPA receiver coil only (mpMRI PPA ), followed by a radical prostatectomy were retrospectively included into the study (n = 38; median age 67.8 years; range 51.3-77.3 years). The exams were performed within a clinical setting for either detection and/or local staging of prostate cancer between December 2014 and August 2015 at two radiology departments. Clinical indications were elevated prostate specific antigen (PSA) (median PSA 5.8 μg/l, range 0.3-46.0 μg/l) or suspicion of prostate cancer on digital rectal examination. We excluded patients with an incomplete histopathology report (n = 5). The final study population comprised of 33 patients (median age 51.3 years, range 42.1-77.3 years). Three of these patients previously had been included in a study comparing diagnostic accuracy of a standard versus shortened multiparametric MRI protocol [29] , and 13 patients were previously included in a study comparing image quality of images with and without ERC [10] . Patient demographics and a summary of histopathology data is shown in table 1.
MRI Equipment
Images were acquired on a 3T whole body MRI system (MAGNETOM Skyra, Siemens Healthcare ® , Erlangen, Germany) in both radiologic departments. First, the mpMRI ERC image set Barth/Rupp/Cornelius/Nanz/Grobholz/ Schmidtpeter/Wild/Eberli/Donati was acquired using an 18-channel PPA receiver coil (Body 18, Siemens Healthcare ® , Erlangen, Germany) in conjunction with a balloon-covered, expandable ERC (Medrad, Warrendale, Pa) filled with barium suspension. Secondly, the ERC was removed and images for the mpMRI PPA image set were acquired using the PPA receiver coil only.
Scan Parameters
T2w turbo-spin echo images were acquired in three orthogonal planes (axial, sagittal and coronal), covering the prostate gland and the seminal vesicles. DWI and echo-planar images were acquired with identical orientation as the axial T2w, and utilizing selective-excitation technology (ZOOMIt, Siemens Healthcare, Erlangen, Germany). Apparent diffusion coefficient (ADC) maps were calculated using a mono-exponential fit based on the three obtained b-values (either 0, 50, 1,000 s/mm 2 ). A high-b-value (1,400 s/mm 2 ) was calculated based upon a standard mono-exponential fit. T1w turbo-spin echo images were acquired in axial plane, using a field-of-view encompassing the whole pelvis. DCE-MRI were obtained in axial plane with a temporal resolution of < 8 seconds. Gadoterate meglumine (Dotarem; Guerbet, Darmstadt, Germany) was used as contrast agent with a dose of 0.1 mmol/kg bodyweight. Injection was performed with an automated MR injection system (Spectris Solaris EP, MEDRAD MR Injector, Bayer HealthCare LCC, Whippany NJ) at a flow rate of 2 ml/s. Sequence parameters were kept within ranges of published technical MRI guidelines [8] . Coronal and sagittal T2w images and transverse T1w turbo-spin echo images were additionally obtained during the clinical protocol but were not used for study purposes. Sequence parameters are shown in table 2.
Image Readout
Study images were de-identified. Blinding of the 2 image sets regarding to whether the images were acquired with or without the ERC was not possible. Two radiologists (reader 1 and 2) specialized in urogenital imaging (O. F. D. with 4 years and A. C. with 10 years of experience in interpreting prostate MRI) from different radiologic departments independently reviewed mpMRI ERC and mpMRI PPA image sets randomly in 2 separate reading sessions (time interval between the sessions > 4 weeks). DCE-MRI images were acquired with ERC only, and were presented in both reading sessions. The readers were aware that patients received radical prostatectomy, but were blinded to the remaining clinical information. The readers were instructed to assess the visually most suspicious lesion (hereafter termed "index lesion") according to the prostate imaging reporting and data system (PI-RADS) version . Lesions involving more than 1 sector were attributed to the predominantly involved sector.
The readout was performed using an electronic reader form and patient data was stored on a secured mobile hard drive at our institution.
Reference Standard
Histopathology was performed by experienced genitourinary pathologists (N.J.R. with 5 and R.G with 20 years of experience in interpreting prostatectomies). Each prostate specimen was formalin fixed, processed and embedded in paraffin in axial orientation and perpendicularly to the urethra. Five millimeter (mm) thick tissue blocks were made from the apex to the base, labelled sequentially and stained with hematoxylin-eosin for histopathological evaluation. Morphological grading was performed according to the standards of the ISUP Gleason Grading of Prostatic Carcinoma [16] . Gleason score (GS), topographic location and the maximal diameter were assigned to the lesion with the highest GS, or if 2 or more equally scored lesions were present, the one with the largest diameter (i. e. index lesion). Pathological staging was performed according to the 8th edition of the Union for International Cancer Control TNM classification of malignant tumours [17] . In one of the 2 institutions the slices were digitalized, whole slides reconstructed and all lesions, including the index lesion, were outlined electronically including information about exact area and GS ( fig.  1 ). In the other institution, the lesions were manually mapped on a standardized template sheet, which subdivided the prostate into 16 sectors (i. e. 4 quadrants within the apex, apex-to-midgland, midgland-to-base and base, respectively).
Post-processing of Readout and Histopathology Data
A third radiologist (B. K. B. 3 years of experience in interpreting prostate MRI) not involved in the readout performed the post-processing. First, the PI-RADS scores from corresponding sectors from the base and the apex were aggregated to 4 quadrants (base left/right; apex left/right) by assigning the highest reader score for each quadrant. For side-based analysis the scores were further aggregated by assigning the highest score from quadrantbased analysis to each corresponding side and for patient-based analysis, the reader scores were aggregated by assigning the highest reader score to each patient. The scores were dichotomized by considering 1-3 as negative, and 4-5 as positive. Second, the 16 sectors from the standardized template sheets were summarized into quadrants, consequently attributing the index lesion . On digitalized histopathology the index lesion was directly attributed to the predominantly involved quadrant. Finally, careful side-by-side MRI-to-histopathology correlation was performed on a visual basis for every mismatch, rendering those lesions true positive on the readout, which were considered to be the same as the index lesion marked on histopathology (i. e. lesions invading more than 1 quadrant, however the quadrant not being the EC Q ) ( fig. 1) . A finding on MRI was rated true positive if it occurred in any of the regions comprising the index lesion as defined by the pathologist. A finding on MR was classified as false positive if its attributed region did not match the region of the index lesion as defined by the pathologist. If the region of the index lesion as defined by the pathologist was not rated as positive on MR, the MR finding was rated false negative.
Statistical Analysis
Continuous variables were summarized by using means and SD. Categorical variables were summarized as counts and proportions. Kolmogorov-Smirnov test was used to assess the distribution of data. Sensitivity and positive predictive value (PPV) for detection of index lesions were assessed using 2 × 2 contingency tables for the dichotomized data sets. Analysis was performed on a quadrant, side, and patient-basis for the mpMRI PPA and mpMRI ERC image set. Sensitivity and PPV for quadrant and side-based analysis was cumulated to one value. Differences between groups were tested using the McNemar test. Intra-and inter-reader agreement for the dualized scores was assessed using Cohen's Kappa (κ). κ-values were stratified qualitatively by score (slight agreement 0.01-0.20; fair agreement 0.21-0.40; moderate agreement 0.41-0.60; substantial agreement 0.61-0.80; very good agreement 0.81-0.99) [19] .
A p-value of < 0.05 was considered statistically significant. Statistical analysis was performed with IBM SPSS statistical software (SPSS version 21; Chicago, Ill).
Results

Patient Demographics
Thirty-three patients were included. The most prevalent GS was 3 + 4 (n = 14 patients), followed by 4 + 3 (n = 11 patients), 4 + 4 (n = 3 patients), 4 + 5 (n = 3 patients), 3 + 3 (n = 1 patient) and 5 + 3 (n = 1 patient). T-stage was < T3 for n = 16 patients ≥ T3 for n = 17 patients. Fifteen patients were stratified as "intermediate risk" and 18 patients as "high risk", according to the D'Amico risk group classification [20] . Patient demographics and histopathology data and are shown in table 1.
The frequency of PI-RADS 4 and 5 scores attributed to the corresponding epicenter quadrants was 69.7% (n = 23) for R1 and 60.6% (n = 20) for R2 for images acquired with the mpMRI PPA . For images acquired with the mpMRI ERC the frequency was 87.9% (n = 29) for R1 and 75.8% (n = 25) for R2. The scores attributed to the corresponding epicenter quadrants are shown in table 3.
Diagnostic Accuracy
On a quadrant basis cumulative sensitivity for the detection of the index lesion was lower for both readers for images acquired with the mpMRI PPA (R1, 0.67 and R2, 0.61), compared with mpMRI ERC (R1, 0.88 and R2, 0.76). Cumulative PPV was lower for images acquired with the mpMRI PPA (R1, 0.81 and R2, 0.80), compared with mp-MRI ERC (R1, 0.91 and R2, 0.89). The difference between the two coil setups was not statistically significant (R1, p = 0.267 and R2, p = 0.508) ( fig. 2, 3) . Comparable results were achieved on a side-based analysis, namely cumulative sensitivity being lower for both readers for images acquired with the mpMRI PPA (R1, 0.70 and R2, 0.67), compared with mpMRI ERC (R1, 0.91 and R2, 0.79). The same is true for the cumulative PPV for images acquired 
Inter-and Intra-reader Agreement
Interreader agreement across all sub-analyses was good (κ range 0.64-0.76) for mpMRI PPA and fair-very good (κ range 0.3-0.83) for mpMRI ERC , respectively. Intrareader agreement across all sub-analyses was fairgood (κ range 0.25-0.72) for Reader 1 and moderate-very good (κ range 0.53-0.84) for Reader 2, respectively. 2 ) on the postero-lateral aspect of the peripheral zone, at the level of the right midgland (E, green ROI). Both readers correctly identified the tumor by attributing a PI-RADS score of 4 to the corresponding quadrant, using the mpMRI ERC and the mpMRI PPA image set.
Discussion
Receiver coil equipment is an important determinant of image quality in MRI of the prostate. Due to the possibility to be placed directly in close proximity of the posterior circumference of the organ, a high SNR can be achieved by means of an ERC, however potentially at the expense of increased artifacts [21] and higher costs. Our results, demonstrating that prostate cancer foci may be detected without significantly lower sensitivity by use of a PPA receiver coil as compared to an ERC, suggest that the potentially lower SNR does not translate into a lower diagnostic performance.
Whether to use an ERC or not is a matter of intense debate in prostate imaging. Apart from investigating image quality, some authors already conducted studies comparing the diagnostic accuracy of various coil setups. For local cancer staging, the use of an ERC as compared to PPA receiver coil equipment alone seems favorable, Barth/Rupp/Cornelius/Nanz/Grobholz/ Schmidtpeter/Wild/Eberli/Donati particularly at lower field strengths [22, 23] . Therefore, the European Society of Urogenital Radiology still recommends to use the ERC for local staging of prostate cancer on a 1.5T MRI in their recently updated guidelines [15] . For detection of cancer foci, there is no clear recommendation on the choice of receiver coil setup, especially when performing MRI at higher field strengths (3T). While Turkbey et al. [14] demonstrated better sensitivity and PPV on images acquired with the ERC as compared to PPA (ERC 0.76 and 0.80; PPA 0.45 and 0.64) for all tumors, a sub-analysis of dominant tumors did not show such a distinct difference (sensitivity of ERC 0.85; sensitivity for PPA 0.75). These findings are in accordance with our results with an overall sensitivity for detection of index lesions of 0.82 (mean value of R1, R2) for the mpMRI ERC image set and 0.64 (mean value of R1, R2) for the mpMRI PPA image set, respectively. The ERC image set showed a tendency towards higher sensitivity as compared to the image set acquired with the PPA receiver coil only, however, differences were not statistically significant. Another recent study supports our findings by demonstrating insignificant differences between receiver coil setups for the detection of index lesions [11] . Our achieved sensitivities of 0.76-0.97 on a per patient basis, are lower than the achieved sensitivities in the aforementioned study (0.96-0.97) . A possible explanation may be the different reference standards used in the 2 studies (MRI-TRUS fusion biopsy vs. prostatectomy specimens).
Another study [24] investigating the diagnostic performance of images acquired without an ERC found that index lesions can be detected with an average sensitivity and PPV of 60.2 and 65.3%, respectively. When correcting for a mismatch in terms of localization, similarly to the matching procedure used in our study, the overall performance rose to 75.9 and 82.6%, which is comparable with our results (sensitivity average R1, R2 for both coil combinations, 0.73 and PPV, 0.85). The difference in sensitivity between the two receiver coil combinations in our study on a patient basis translated to n = 5 and 3 patients for R1 and R2, respectively which were missed. The reason for the false negatives may be rooted in the reduced SNR provided by the PPA coil setup. This decrease in SNR may be minimized by increasing the number of averages for PPA acquisition, a solution that will be entailed by an increase in acquisition time, however.
To reliably detect prostate cancer is one of the major tasks of mpMRI. Its ability in doing so varies significantly in the literature [25] [26] [27] [28] and rises up to > 90% when assessed on a patient basis (sensitivity range 79-96%) [29] [30] [31] [32] [33] . These results are comparable with our study, where sensitivity ranged between 0.85 and 0.97 with and 0.76 and 0.82 without the usage of an ERC, and demonstrate that images acquired without an ERC may be sufficient for the purpose of detection of prostate cancer. Inter-and intra-reader agreement in our study was within the range of previously published results [34] [35] [36] [37] and did not differ between the two coil setups investigated.
Several limiting factors are associated with the use of an ERC, more precisely patient acceptance, increased costs and associated artifacts. Therefore, further efforts must be undertaken in order to optimize MRI sequences up to a level where image quality does not compromise diagnostic performance. We think that with additional scan time, which would otherwise be used for other procedural steps, like coil insertion and patient preparation, image quality could be improved, potentially closing the gap of false negative lesions which we observed in our analysis.
Our study has limitations. First, we were unable to analyze all tumor lesions present in the prostate gland, as histopathologic data from one of the two institutions did not allow for clear labeling of the tumor foci with respect to Gleason grade and size, except for the index lesion. While it usually is the index lesion which is determinant for the therapeutic strategy and management of the patient, non-inclusion of all but the index lesions into our analysis did not allow for assessment of "true negative" prostate quadrants and therefore the specificity and the negative predictive value could not be evaluated. Second, a discrimination between tumors in the transitional and the peripheral zone was not possible. However, in clinical practice, accurate topographic localization of the lesion is of more importance, than the ability to attribute a certain finding to a specific intraprostatic region. Third, the relatively small patient population may have prevented the detection of a statistically significant difference between the coil setups. Therefore further, preferably multicenter studies, will be necessary in order to provide clearer suggestions on the optimal coil setup for prostate cancer detection. Blinding of the readers regarding the utilized coil setup or regarding to the fact that all patients received radical prostatectomy was not possible which may have introduced interpretation and selection bias. Blinding of the coil setup was impossible, as even with cropped images, parts of the ERC will always be visible on the images to analyze. Finally, using DCE-MRI sequences, acquired with the ERC in conjunction with the mpMRI PPA images represents a bias. However, due to ethical reasons we abstained from administering contrast media twice within one exam. As DCE-MRI represents an integral component of PI-RADS version 2, we did not exclude this sequence.
In conclusion, our results suggest that there may be no significant differences for detection of prostate cancer between images acquired with an ERC and those acquired with a PPA coil. 
